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Histology is an important outcome variable in basic science and pre-clinical studies regarding inter-
vertebral disc degeneration (IVD). Nevertheless, an adequately validated histological classiﬁcation for IVD
degeneration is still lacking and the existing classiﬁcations are difﬁcult to use for inexperienced
observers.
Objective: Therefore the aim of this study was to develop and to validate a new histological classiﬁcation
for IVD degeneration. Moreover, the new classiﬁcation was compared to the frequently used non-
validated classiﬁcation.
Methods: The new classiﬁcation was applied to human IVD sections. The sections were scored twice by
two independent inexperienced observers, twice by two experienced IVD researchers and once by
a pathologist. For comparison, the sections were also scored according to the classiﬁcation described by
Boos et al. by two experienced IVD researchers. Macroscopic grading according Thompson et al.,
glycosaminoglycan (GAG) content and age were used for validation.
Results: The new classiﬁcation had an excellent intra- and a good inter-observer reliability. Intraclass
Correlation Coefﬁcients (ICC) were 0.83 and 0.74, respectively. Intra- and inter-observer reliability were
comparable for experienced and inexperienced observers. Statistically signiﬁcant correlations were
found between the new classiﬁcation, macroscopic score, GAG content in the nucleus pulposus (NP) and
age; Correlation coefﬁcient (CC) 0.79, 0.62 and 0.68, respectively. The CCs of the Boos classiﬁcation were
all lower compared to the new classiﬁcation.
Conclusion: the new histological classiﬁcation for IVD degeneration is a valid instrument for evaluating
IVD degeneration in human IVD sections and is suitable for inexperienced and experienced researchers.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Low back pain is one of the major health problems in industri-
alized countries, with annual costs in European countries ranging
from 0.6% to 2.3% of the gross national product (GNP)1e3. Inter-
vertebral disc (IVD) degeneration is considered as one of the major
causes of chronic low back pain4e6. Consequently, the IVD researchr the integrity of the work as
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s Research Society International. Pintensiﬁed signiﬁcantly during the past decade6. Fundamental
biochemical studies have further elucidated the involvement of
cytokines and degenerative enzymes in IVD degeneration and new
tissue engineering and regenerative medicine-based treatment
strategies have been developed6. In many of these studies, histol-
ogy of human or animal IVDs has been used for stratiﬁcation of the
samples or as outcome variable. Although histology is very
commonly used for this purpose, a well validated histological
classiﬁcation for human IVD degeneration is lacking.
The most commonly used histological classiﬁcation for human
IVD degeneration is the score described by Boos et al.7. In this article
aged-related changes of lumbar intervertebral discs are described
in detail, and these characteristics were used to develop a grading
system for IVD degeneration7. Although this score was developed
after a very thoroughly conducted study on a large number of hu-
man IVD sections, the validation of the proposed classiﬁcationublished by Elsevier Ltd. All rights reserved.
Table I
Patients characteristics for each Thompson degeneration grade
Thompson grade N Gender Mean age (years) Range (years)
M F
I 12 4 8 16.5 3.3e34.2
II 12 8 4 46.4 17.0e69.3
III 13 8 5 65.0 46.9e77.4
IV 12 3 9 74.6 54.3e88.5
V 12 5 7 77.6 59.5e88.2
Total 61 28 33 56.2 3.3e88.5
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by only 2 observers, therefore the intra-observer reliability could
not be calculated7. Additionally the inter-observer reliability was
not determined and only the grade of agreement between the
observers was analysed by calculating the kappa value7. The ability
of the classiﬁcation to predict the age of the patients and the
macroscopic degeneration grade according Thompson was ana-
lysed with a CHAID analysis7,8. However, correlation coefﬁcients
between the classiﬁcation, extracellular proteoglycan content, age
and Thompson grades were not described7,8.
The degeneration score by Boos et al. is the only peer-reviewed
published classiﬁcation and is used by numerous IVD researchers
including the authors of the current study9e12. Besides the possible
methodological optimization of the Boos score there are also some
practical aspects of the score that can be improved. For the com-
plete score, the IVD needs to be graded on six different items and
the endplate (EP) on another ﬁve items. Some of these items need
to be graded on a 1e7 scale. Due to its complex design and large
number of grading items, the Boos classiﬁcation is often modiﬁed
and mainly used by experienced IVD researchers9e12. Most modi-
ﬁcations are simpliﬁcations of the classiﬁcation, items that were
difﬁcult to score have been left out of the classiﬁcation or the
number of scoring options per item were limited9e12. The authors
of this study also experienced some difﬁculties while using this
system in their studies. Some items like mucoid degeneration and
granular changes are inadequately described and are only displayed
on small images in the original publication. Furthermore, tear and
cleft formation results in the highest grade of degeneration in
several of the items of the Boos score, whereas tears and clefts can
also be caused by the extensive process of tissue preparation
comprising decalciﬁcation, dehydration, embedding and
sectioning. For inexperienced observers it is difﬁcult distinguish
between processing artefacts and degenerative characteristics, thus
requiring extensive experience with IVD histology7.
An easier to use and adequately validated histological classiﬁ-
cation for age-related- degenerative IVD changes would signiﬁ-
cantly contribute to the standardization of histology in
fundamental and translational IVD research13. Therefore the aim of
this study was to develop an easily applicable histological classiﬁ-
cation for human IVD discs which can be used by both experienced
and inexperienced observers. Both the new and the Boos classiﬁ-
cation were validated based on macroscopic degeneration accord-
ing Thompson et al., age and glycosaminoglycan (GAG) content8.
Materials and methods
Sample acquisition
Human IVDs were obtained at autopsy as part of the standard
procedure, in which a section of the lumbar and thoracic spine is
removed for diagnostic purposes. Samples were obtained within
48 h after death of the patient (93.4% of the patients within 24 h).
Anonymous use of redundant tissue for research purposes is part of
the standard treatment agreement with patients in our university
hospital. In the time period between death and tissue collection,
the deceased patients were kept at the mortuary at 4C. From all
patients, only the IVD between the fourth and ﬁfth lumbar vertebra
(L4eL5), including the adjacent EPs, was obtained. One grade I IVD
from a 23-year-old patient was acquired at oncologic spine surgery,
but the obtained IVD was not affected by a malignant process. Most
common causes of death in adult patients were sepsis, metastatic
disease and myocardial or brain infarction. In children and ado-
lescents, the most common causes of death were cardiac
arrhythmia and neurological trauma. After resection, the post-
mortem samples were processed into midsagittal slices and storedin 4% formalin. The macroscopic grade of degeneration was scored
by three individual observers (JR, RD and LC) according to
Thompson et al8. After individual scoring, the score was averaged;
outliers, i.e., more than one Thompson grade difference, were
re-evaluated by the three observers at a consensus meeting.
The remaining sagittal slices were macroscopically divided in nu-
cleus pulposus (NP) and annulus ﬁbrosis (AF) tissue and were
embedded in TissueTek (Sakura Finetek Europe Zoeterwoude, The
Netherlands) for cryosectioning and GAG analysis.
In total sixty-one IVDs with an equal distribution over all ﬁve
degeneration grades were processed for histological staining and a
dimethylmethylene blue (DMMB) assay for the determination of
proteoglycan content (Table I).
Histology
Midsagittal IVD slices were decalciﬁed in Kristensen’s solution
(50% formic acid and 68 g/l sodium formate) in a microwave
(MilestoneMicrowave Laboratory Systems, Italy) at 150Wand 50C
for 6 h14.
After deparafﬁnization in xylene and a graded series of alcohols,
hematoxylin and eosin (H&E), Alcian blue picrosirius red (ABPR)
and safranin-O (Saf O) stainings were performed on 5 mm thick
sections. H&E and Saf O staining were performed according to the
OARSI guidelines and the ABPR staining as described by Gruber
et al15,16.
Quantiﬁcation of GAG
NP and AF tissue was cryosectioned before digestion, the
approximately 100 sections per sample were weighted before
digestion, with a mean weight of 53.7 mg per sample. IVD tissue
was digested overnight at 56C in PBS containing 250 mg/mL papain
(Sigma, St. Louis, US). Hundred microliters standard or 1:800
diluted tissue sample was added to 200 mL of ﬁltered DMMB so-
lution (Sigma, St. Louis, US) (pH 3.0) as prepared by Farndale et al17.
Intensity of colour change was quantiﬁed immediately in a micro-
plate reader (Bio-Rad model 3550, Hercules, US) by measuring
absorbance at 540 and 595 nm. GAG per milligram digested IVD
tissue was calculated using a standard of chondroitin sulfate C
(Sigma, St Louis, US) and by calculating the ratio of absorbances.
Classiﬁcation
Based on previous literature, experiences with histological
grading of degenerative IVDs and macroscopic and radiological
characteristics of degenerative IVDs, a new histological classiﬁca-
tionwas developed7,8,18e20. All threemajor anatomical structures of
the intervertebral disc, AF, NP and the EP were included in the new
classiﬁcation, resulting in six subcategories (Table II and Fig. 1).
Each itemwas graded 0,1 or 2 on the HE sections; 0 representing no
Table II
Scoring items and grades from the newhistological degeneration classiﬁcation for IVD degeneration. Histological examples of each degeneration grade per scorings item can be
found in Figs. 1 and 2
A: Endplate Fig. 1
H&E 0 Homogeneous structure; regular thickness A0
1 Slight irregularity with limited number of microfractures and locally decreased thickness A1
2 Severe irregularity with multiple microfractures of the EP and generalized decreased thickness A2
B: Morphology AF Fig. 1/Fig. 2
H&E (Fig. 1)/Saf O (Fig. 2) 0 Well-organized, half ring-shaped structure, collagen lamellae B0/B0
1 Partly ruptured AF; loss of half ring-shaped structure B1/B1
2 Completely ruptured AF; no intact half ring-shaped collagen lamellae B2/B2
C: Boundary AF and NP Fig. 1/Fig. 2
H&E (Fig. 1)/Saf O (Fig. 2) 0 Clear boundary between AF and NP tissue C0/C0
1 Boundary less clear; loss of annular-nuclear demarcation C1/C1
2 No distinguishable boundary between AF and NP tissue C2/C2
D: Cellularity NP Fig. 1
H&E 0 Normal cellularity; no cell clusters D0
1 Mixed cellularity; normal pattern with some cell clusters D1
2 Mainly clustered cellularity, chondroid nests present D2
E: Matrix NP Fig. 1
H&E 0 Well-organized structure of nucleus matrix E0
1 Partly disorganised structure of nucleus matrix E1
2 Complete disorganisation and loss of nucleus matrix E2
F: NP matrix staining Fig. 1
Saf O 0 Intense staining; red stain dominates F0
1 Reduced staining; mixture of red and slight green staining F1
2 Faint staining; increased green staining F2
Maximum score 12 (ABPR staining of the NP matrix not included)
G: NP matrix staining (ABPR staining of the NP matrix was not included in the deﬁnitive classiﬁcation of IVD degeneration) Fig. 1
ABPR 0 Intense staining; blue staining dominates G0
1 Reduced staining; mixture of blue and slight red staining G1
2 Faint staining; increased red staining G2
Saf. O.: safranin-O staining and ABPR: alcian blue picrosirius red staining.
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and 2 severe characteristics of degeneration (Table II and Fig.1). The
total score of the new classiﬁcation is the sum of the six different
scorings item, resulting in a minimum score of zero points in a
completely healthy IVD and a maximum of 12 points for an entirely
degenerated IVD.
GAG content based on NP matrix staining was classiﬁed on both
Saf O and ABPR stained sections. The staining with the highest cor-
relation to macroscopic degeneration and GAG content (DiMethyl-
Methylene Blue, DMMB assay) was selected as GAG staining for the
new classiﬁcation. Besides histological evaluation of GAG content in
the NP, Saf O and ABPR sections can be used for evaluation of the
transition zonebetweenAFandNP tissue andAFmorphology (Fig. 2).
All separate items were correlated to the macroscopic grading
according Thompson et al. (Table III)8. The matrix staining on Saf O
and ABPR sections was additionally correlated to age and GAG
content in the NP. The correlation coefﬁcients (CCs) for the Saf O
staining using Thompson score, GAG content and age were 0.58,
0.39, 054 respectively, P < 0.001 for Thompson score and age
and P ¼ 0.002 for GAG content. The CCs for the ABPR staining were
0.54, 0.45, 0.49 respectively, P < 0.001 for all three CCs. Due to
the mean higher CC of the Saf O staining, this staining was chosen
for assessment of the GAG content in the NP matrix in the new
histological classiﬁcation.
Scoring
Out of the sections of in total 61 IVDs, a test set of samples was
composed and subsequently scored by three independent, inex-
perienced observers; a senior researcher, a PhD student and a
research technician. The test set contained HE and Saf O sections of
10 IVDs, two from each Thompson degeneration grade8. None of
the test observers was familiar with microscopic evaluation of IVD
tissue. Based on the results and comments of the three observers,
the description of the items and the example images were furtheradjusted. No evident problems or difﬁculties were encountered
during evaluation of the test results.
Four other observers scored all blinded 61 samples according to
the adjusted new classiﬁcation, of whom two, a laboratory tech-
nician and a PhD student (JB), were inexperienced with IVD his-
tology. The other two observers have extensive experience with
IVD histology, one is a pathologist with special interest in the IVD
(AK) and the other a PhD student focusing on IVD degeneration (JR).
The classiﬁcation as described by Boos et al. was applied by two
experienced observers, both PhD students focusing on IVD degen-
eration (JR and RD).
All observers were trained how to perform the new histological
grading. Scoring items were explanted (JR and RD) and typical
examples were shown microscopically, approximately 5e10 slides
were shown. Moreover 10 test slides were graded by the observers
and evaluated (JR and RD) before grading the 61 samples described
in the current study.
For both the new classiﬁcation and the Boos score the same
sixty-one samples were used. All observers graded the sections
twice, with an intermediary period of at least 4 weeks, except for
the pathologist who graded the sections only once. For the IVD
researcher who applied both the new and Boos classiﬁcation (JR),
the time passed between two evaluations was >1 year for the
different classiﬁcations, and >4 weeks between the ﬁrst and the
second grading.
Statistical analysis
Statistical analyses were performed using the Statistical Package
for the Social Sciences (SPSS) 16.0 software for Windows (SPSS Inc.,
Chicago, IL, USA).
Spearman’s non-parametric test was used for correlation ana-
lyses (CC) of both scoring systems, macroscopic degeneration ac-
cording Thompson et al., GAG content and age8. Intra- and inter-
observer reliability were assessed by calculating the Intraclass
Fig. 1. Histological examples of each degeneration grade per scorings item of the new histological IVD degeneration classiﬁcation. A: Endplate (HE), B: Morphology AF (HE), C
Boundary AF and NP (HE), D: Cellularity NP (HE), E: Matrix NP (HE), F: NP matrix staining (Saf O) and G: NP matrix staining (ABPR). The number 0 represents no degenerative
characteristics, 1 mild degenerative characteristics and 2 severe characteristics of degeneration. HE: hematoxylin and eosin staining. Saf O: safranin-O staining and ABPR: alcian blue
and picrosirius red staining. Scale bars represent 2.0 mm in A, B, C, F, G, 200 um in D and 500 um in E. A description of each scoring item can be found in Table II.
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Fig. 2. Additionally the Saf O sections can be used for evaluation of the morphology of the AF and to the boundary between AF and NP tissue. B: Morphology AF Saf O and C:
Boundary AF and NP Saf O. The number 0 represents no degenerative characteristics, 1 mild degenerative characteristics and 2 severe characteristics of degeneration. Scale bars
represent 2.0 mm in all images. A description of each scoring item can be found in Table II.
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mixed model was used based on consistency. The given ICCs in
the manuscript were the “single measures” values. It is not possible
with SPSS, statistical analysis system (SAS) or any other standard
statistical program to determine if there are statistical differences
between ICCs or CCs. Therefore we assessed ICCs and CC as
described by Field, Fleiss, Westgard, Bland and Altman21e24. The
concordance is considered good if the ICC is 0.4e0.75 and excellent
if the ICC is >0.7521e23. The CC is considered low between 0.30 and
0.49, moderate between 0.50 and 0.69, high between 0.70 and 0.89
and very high between 0.89 and 1.0024.
Agreement between the Boos and the new classiﬁcation was
analyzed as described by Bland and Altman21. For the Bland Altman
plot, a transformation of both scores to a percentage of the
maximum score was required.Results
Inter- and intra-observer reliability
The intra-observer reliability for the new classiﬁcation was
excellent for both the inexperienced and experienced observers,
with a mean ICC of 0.84, 0.79 for inexperienced and 0.93 for
experienced observers, respectively. The mean inter-observer reli-
ability of the new classiﬁcation was good, with a mean ICC of 0.74.
The mean inter-observer reliability between experienced and
inexperience observers was also good, with a mean ICC of also 0.74,
range 0.67e0.80.Table III
Intra- and inter-observer reliability, shown by the intraclass correlation coefﬁcient
(ICC), for the Boos and new classiﬁcation
Intra-observer
reliability (ICC)
Inter-observer
reliability (ICC)
New classiﬁcation Mean (95% CI) Mean (95% CI)
All observers 0.84 (0.74e0.90) 0.74 (0.58e0.84)
Inexperienced observers 0.79 (0.67e0.87) 0.73 (0.59e0.83)
Experienced observers 0.93 (0.88e0.96) 0.72 (0.54e0.84)
Experienced vs inexperienced e 0.84 (0.74e0.90)
Boos classiﬁcation
Experienced observers 0.79 (0.68e0.87) 0.79 (0.68e0.87)The intra-observer reliability for the Boos scorewas excellent for
the two experienced observers, the mean ICC was 0.79. The inter-
observer reliability was also excellent with a mean ICC 0.79
(Table III).
Thompson score and age
The Boos and the new classiﬁcation scores for each Thompson
grade are shown in Fig. 3. Both scoring systems were correlated to
the macroscopic degeneration grade. A high CC of 0.79 (P < 0.001)
was found between the new classiﬁcation and the macroscopic
degeneration score according Thompson. The CC between the Boos
classiﬁcation and Thompson score was moderate 0.69 (P < 0.001)
(Table IV). Correlation coefﬁcients for age and the two classiﬁca-
tions were both moderate, 0.68 (P < 0.001) for the new classiﬁca-
tion and 0.65 (P < 0.001) for the Boos score (Fig. 4). Additionally all
separate items of the new classiﬁcation were correlated to the
Thompson score and age (Table V).
Correlation to GAG content
The new classiﬁcation displayed a moderate negative correla-
tionwith the GAG content in the NP and a low correlationwith GAG
content in the AF (CCe 0.62 (P< 0.001) and CCe 0.30 (P¼ 0.0023),
respectively). The Boos score also showed a moderate negative
correlation to the GAG content of the NP (CCe 0.50 (P< 0.001)) and
a low negative correlation to GAG content in the AF (CC e 0.30
(P ¼ 0.020)). Correlations between the two classiﬁcations and the
GAG content in the NP are shown by the scatter plots in Fig. 4.
Additionally, all separate items of the new classiﬁcation were
correlated to the GAG content of the NP (Table V).
Correlation of the Boos and the new classiﬁcation
There was a high correlation, CC 0.78, between the Boos and the
new degeneration score (Fig. 4). Agreement of the Boos and the
new classiﬁcation was analyzed with a BlandeAltman plot, as
shown in Fig. 4. The Boos score was usually a lower percentage of
the maximum score than the new classiﬁcation, shown by the
larger number of positive numbers when the differences between
the new and the Boos score were calculated. Moreover the differ-
ence increasedwith higher degeneration grades, indicating that the
Fig. 3. Boos and new IVD degeneration score in all ﬁve macroscopic degeneration grades according Thompson et al.
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degeneration grade.
Discussion
The current study demonstrates that the new histological
scoring system for the IVD is a valid instrument for grading various
levels of age-related IVD degeneration and is the ﬁrst biochemically
validated histological IVD degeneration classiﬁcation system. Intra-
and inter-observer reliability is comparable to the Boos classiﬁca-
tion, the only available peer-reviewed histological classiﬁcation for
IVD degeneration. Moreover the new classiﬁcation showed a higher
correlation coefﬁcient with Thompson scores, age and GAG content
in the NP when compared to the Boos classiﬁcation.
Despite the fact that the Boos score is a valid classiﬁcation of
histological IVD degeneration, also proven in the current study, it is
very extensive and difﬁcult to use, especially for inexperienced IVD
researchers. Therefore, the aim of the current study was to develop
a classiﬁcation that was easier to use and contained a reduced
number of scorings items. When compared to the Boos classiﬁca-
tion, it is less elaborate with only six scoring items, whereas the
former has 11 items. Moreover, these items only need to be graded
at three levels: healthy, moderate en severe degeneration, while
the Boos score has 3e7 different scorings options per item.
To evaluate if the new scorings systemwas clear and easy to use
for experienced and inexperienced observers the scorings forms
were ﬁrst tested in a small pilot set by three inexperienced ob-
servers. Additionally the complete set of 61 samples was graded by
two experienced and two inexperienced observers. Our reliability
analysis showed an excellent intra- and a good inter-observer
reliability for both groups. Therefore the new classiﬁcation is suit-
able for both experience and inexperienced IVD researchers.
As we developed the new classiﬁcation, we made sure that all
three different anatomical regions of the IVD were represented in
the scoring system. In the Boos classiﬁcation only the complete IVD,
with emphasis on the NP, and EP were represented, the AF is not
separately represented in the classiﬁcation. Since the AF is involved
in almost all forms of IVD degeneration, the AF should be separately
evaluated in every macroscopic, radiological of histologicalTable IV
Differences in correlation coefﬁcient (CC) between the new and the Boos score for
IVD degeneration
Boos classiﬁcation (CC) New classiﬁcation (CC)
Thompson macroscopic
score
0.69 (P < 0.001) 0.79 (P < 0.001)
Age 0.65 (P < 0.001) 0.69 (P < 0.001)
GAG content NP 0.50 (P < 0.001) 0.62 (P < 0.001)
GAG content AF 0.30 (P ¼ 0.020) 0.30 (P ¼ 0.023)classiﬁcation for IVD degeneration18,20,25. In the new histological
score, the AF is evaluated by two, the NP by three and the EP by one
scoring item.
In addition to macroscopic degeneration, GAG loss in the NP is a
well-known characteristic of IVD degeneration18,20. The new clas-
siﬁcation showed a moderate correlation with the GAG content in
the NP, higher than the correlation with the Boos score, indicating
that the new scoring system is a valid method to determine the
level of histological IVD degeneration. This is further supported by
the correlation of the new classiﬁcation and the Thompson score
and age. Strikingly the correlation between the Saf O staining of the
NP matrix and the GAG content was, although statistically signiﬁ-
cant, the lowest of al scoring parameters. This ﬁnding could be
explained by the fact that proteoglycans are still produced in the
NP of degenerative IVDs18,20. For example large amounts of pro-
teoglycans are found around chondrocyte nests18,20. These pro-
teoglycans could be responsible for the low correlation between NP
staining and GAG content18,20. Moreover, although considered a
standard staining for GAG content several studies report that Saf O
staining is not a sensitive method to determine the GAG con-
tent26,27. This could also be an explanation for the low correlation
between the GAG content and NP score.
Boos et al. based their frequently used score for degenerative
changes in the IVD on degenerative characteristic seen in IVDs of
older patients and validated the scoring on age. Therefore, in the
current study agewas also chosen as validation parameter, enabling
comparison of our results using the Boos score to the results in the
original article. The increase of age-related changes as scored ac-
cording Boos in this study were comparable to the results described
in the manuscript by Boos et al7. Nevertheless, age is not an ideal
validation parameter for a histological grading of IVD degeneration.
Although age is a well known and a major risk factor for IVD
degeneration, the age distribution in the ﬁve macroscopic degen-
eration grades, Table I, show clearly why age must not be equated
with degeneration7,18,20,28,29. A grade V disc was already found in a
59-year-old patient and a grade II disc was still found in a 69-year-
old patient.
Despite the thorough validation of the current scoring system, it
has some minor limitations. The separation of NP and AF tissue for
biochemical analysis was done macroscopically by separation of
the tissue with a scalpel blade. This could theoretically have
introduced some bias to our analysis, however in most samples the
border between transition zone and the NP was clearly visible.
In addition, the midsagittal IVD tissue was used for histology
and tissue from the more lateral part was used for biochemistry.
Even though the tissue for biochemical analysis and histology were
situated only a few millimeters away from each other in the intact
IVD, this could still induce some heterogeneity in our results.
Although logistically it is very challenging to perform histology and
biochemical analysis of the same tissue sample, this could have led
Fig. 4. Scatter plot of GAG content in NP for the Boos and the new classiﬁcation (dots). Scatter plot of age for the Boos and the new classiﬁcation (squares). Scatter and Bland Altman
plot of the Boos and the new classiﬁcation (triangles).
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grade.
The current study was limited to the L4eL5 level since this is
often involved in IVD degeneration and also to reduce the hetero-
geneity within the study samples. However, in recent publications
some histological differences between upper (L1eL2, L2eL3 and
L3eL4) and lower (L4-L5 and L5-S1) lumbar disc degeneration28,29
were demonstrated. It was hypothesized that upper lumber disc
degeneration is more EP-driven and lumbar disc degeneration isTable V
Correlation coefﬁcient (CC) with the macroscopic IVD degeneration score according
Thompson score, age and GAG content per item of the new classiﬁcation
Scorings item Thompson grade
(CC) (P-value)
Age (CC) (P-value) GAG content NP
(CC) (P-value)
Morphology AF 0.70 (<0.001) 0.64 (<0.001) 0.55 (<0.001)
Cellularity NP 0.68 (<0.001) 0.53 (<0.001) 0.52 (<0.001)
Matrix 0.58 (<0.001) 0.54 (<0.001) 0.53 (<0.001)
Endplate 0.72 (<0.001) 0.62 (<0.001) 0.51 (<0.001)
Boundary NP/AF 0.72 (<0.001) 0.65 (<0.001) 0.48 (<0.001)
Saf-O 0.58 (<0.001) 0.54 (<0.001) 0.39 (0.002)
ABPR* 0.54 (<0.001) 0.49 (<0.001) 0.45 (0.006)
Saf. O.: safranin-O staining and ABPR: alcian blue picrosirius red staining.
* ABPR staining of the NP matrix was not included in the deﬁnitive classiﬁcation
of IVD degeneration.more annulus-driven28,29. Although the current new scoring sys-
tem is only validated on L4eL5 discs, most likely it can also be used
for the L5eS1 level. However, despite the equal representation of
the EP and annulus ﬁbrosus (AF) in the scoring system, its appli-
cability for the higher lumbar levels still needs to be evaluated.
The degenerative changes of the IVD are age-related and also the
current scoring system will not be able to distinguish between
patients with and without low back pain. Identiﬁcation of why and
how in some patients age-related IVD degeneration results in
symptomatic degenerative disc disease is currently the largest
hurdle in IVD research. Subchondral EP lesions and ﬁssures of the
AF have been suggested to be the most histological important risk
factors for low back pain28,30. A correlation with speciﬁc histolog-
ical changes would greatly enhance elucidation of the mechanisms
involved.
In conclusion, we developed and validated a tool for histological
evaluation of degenerated IVDs which can be used by both expe-
rienced and inexperienced observers. The use of well-validated
scoring systems could make the analysis of histological results of
fundamental studies more objective and less biased. Additionally,
they allow for standardized analysis of basic and translational
research and could hopefully increase the efﬁciency of the research
in this ﬁeld. This classiﬁcation could signiﬁcantly contribute to this
standardization and hence research into mechanisms and treat-
ment of IVD degeneration.
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